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(57) ABSTRACT 
Disclosed is a system and method for gradually adjusting a 
look-up table (LUT) for a print engine in order to improve the 
regulation of color quality of printed images. The LUT is 
updated so that a target value for aparticular coloris achieved. 
This corrects for a measured or predicted change in a tone 
reproduction curve. Depending upon the severity of the 
required adjustment, a series of incremental adjustments 
rather than a single adjustment can be made to the LUT table 
over a period of time. Each adjustment in the series can be 
limited to a predetermined maximum delta so that any cor 
rections made to the LUT following the generation and evalu 
ation of one test image and before the generation and evalu 
ation of the next test image for the same target color are 
gradually and imperceptibly implemented (i.e., unnotice 
able). 

21 Claims, 10 Drawing Sheets 
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SYSTEMAND METHOD FOR GRADUALLY 
ADJUSTING ALOOK-UP TABLE FORA 
PRINT ENGINE IN ORDER TOIMPROVE 

THE REGULATION OF COLOR QUALITY OF 
PRINTED IMAGES 

BACKGROUND 

Embodiments herein generally relate to printing systems 
(e.g., electrostatographic printing systems) and associated 
printing methods. More particularly, the embodiments relate 
to a system and a method for gradually adjusting a look-up 
table (LUT) for a print engine in order to improve the regu 
lation of color quality of printed images. 

Generally, in order to print an image having a desired color 
a printing system will use a look-up table (LUT) that is 
representative of a tone reproduction curve for its print 
engine. Such an LUT is unique to the print engine and corre 
lates target values for a color (e.g., target tone values) with 
digital input values (e.g., halftone dot area coverage amounts 
expressed, for example, in terms of levels, ratios or percent 
ages) that will achieve those target values. Unfortunately, 
with time and use, the tone reproduction curve drifts causing 
the LUT to become less accurate such that the digital input 
values no longer achieve the target values. Changes in the 
tone reproduction curve are typically monitored by periodi 
cally generating and evaluating test images (i.e., test patches) 
to identify differences between target values for a particular 
color and actually achieved values. Once identified, various 
different techniques can be used alone and/or in combination 
to compensate for these differences. For example, various 
physical actuators within the printing system may be selec 
tively adjusted in order to alter specific printing parameters, 
Such as developer bias, charge level, etc. and, thereby to 
compensate for changes to the tone reproduction curve. Addi 
tionally or alternatively, the LUT for the tone reproduction 
curve can be updated. However, when there is a significant 
difference between a target value for a color and the actually 
achieved value, as is often the case when there is an extended 
period of time between monitoring operations, the above 
described compensation techniques can resultina Sudden and 
visually perceivable (i.e., noticeable) color correction. Such 
visually perceivable or noticeable color corrections are gen 
erally objectionable to customers, particularly, if they occur 
mid-image or mid-document. 
The following documents, which are all assigned to Xerox 

Corporation of Norwalk, Conn., USA, relate to the regulation 
of color quality in printed images and are incorporated herein 
in their entirety by reference: U.S. Pat. No. 5,347,369 issued 
to Harrington on Sep. 13, 1994: U.S. Pat. No. 5,748,330 
issued to Wang etal. on May 5, 1998: U.S. Pat. No. 6,694,109 
issued to Donaldson et al. on Feb. 17, 2004; U.S. Pat. No. 
7,239,819 issued to Gross et al. on Jul. 3, 2007; U.S. Patent 
Application Publication No. 2009/0153911 filed by He et al. 
on Jun. 18, 2009; and U.S. Patent Application Publication No. 
2010/0054769 filed by Adiletta et al. on Jul. 15, 2009. 

SUMMARY 

In view of the foregoing, disclosed hereinare embodiments 
of a system and a method for gradually adjusting a look-up 
table (LUT) for a print engine in order to improve the regu 
lation of color quality of printed images. Specifically, the 
embodiments can update an LUT for a print engine so that a 
target value for a particular color (e.g., a target tone value) is 
correlated in the LUT with an adjusted digital input value 
(e.g., an adjusted halftone dot area coverage amount) that 
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2 
corrects for a detected or predicted change in a tone repro 
duction curve. However, depending upon the size of the 
required adjustment, a series of relatively small incremental 
adjustments can be made to the LUT over a specified period 
of time rather than a single relatively large adjustment. Each 
incremental adjustment in the series can be limited to a pre 
determined maximum delta in order to ensure that any adjust 
ments that are made to the LUT are gradually and impercep 
tibly implemented (i.e., unnoticeable). Additionally, these 
adjustments can be made according to a predetermined 
schedule in order to avoid mid-image color corrections, mid 
document color corrections, and/or mid-print job color cor 
rections. 
More particularly, disclosed herein are embodiments of a 

system for gradually adjusting a look-up table (LUT) for a 
print engine in order to improve the regulation of color quality 
of printed images. These system embodiments can comprise 
a print engine, a data storage device, an optical sensor (e.g., a 
spectrophotometer and a densitometer), and a processor. The 
data storage device can store a look-up table (LUT) that is 
representative of a print engine tone reproduction curve and 
that correlates target values for a particular color (e.g., target 
tone values) with digital input values (e.g., halftone dot area 
coverage amounts) required to achieve the target values. The 
print engine can generate a test image based on a selected 
digital input value from the LUT in an attempt to achieve a 
corresponding target value for the color. The optical sensor 
can evaluate the testimage to determine the actual value of the 
color as printed in the test image (e.g., the actual tone value). 
Then, the processor can update the LUT based on the results 
from the optical sensor. 

For example, in one embodiment, the processor can deter 
mine the difference between the actual value of the color in 
the test image and the corresponding target value for the color, 
which was correlated in the LUT with the selected digital 
input value and which was used to generate the test image. 
The processor can then update the LUT so that the corre 
sponding target value for the color is instead correlated in the 
LUT with an adjusted digital input value that corrects for this 
difference. Depending upon the size of the required adjust 
ment, the processor can update the LUT by making a series of 
relatively small incremental adjustments to the selected digi 
tal input value in order to achieve the adjusted digital input 
value. 

In another embodiment, rather than updating the LUT 
based on the difference between the actual value of the color 
in the test image and the corresponding target value for the 
color, the processor can update the LUT based on the differ 
ence between a predicted value for the color at a future time 
and the corresponding target value for the color. Specifically, 
in this system embodiment, the data storage device can also 
store historical information characterizing time-dependent 
changes in the tone reproduction curve. Then, based on this 
historical information as well as the actual value of the color 
in the current test image, the processor can determine a pre 
dicted value for the color in the next test image to be generated 
based on the same selected digital input value. The processor 
can then determine the difference between this predicted 
value for the color and the corresponding target value for the 
color and update the LUT So that the corresponding target 
value is instead correlated in the LUT with an adjusted digital 
input value that corrects for this difference. As with the pre 
viously described embodiment, depending upon the size of 
the required adjustment, the processor can update the LUT by 
making a series of relatively small incremental adjustments to 
the selected digital input value in order to achieve the adjusted 
digital input value. 
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In each of the above-described system embodiments, the 
processor can make the series of relatively small incremental 
adjustments over a specified period of time (e.g., before the 
next test image for the same target color value is scheduled to 
be generated and evaluated). Additionally, to better ensure 
that any adjustments that are made to the LUT are gradually 
and imperceptibly implemented, the amount of change 
allowed (i.e., the predetermined maximum delta) with each 
adjustment can be limited. For example, if the target values 
for the color comprise target tone values and the digital input 
values are halftone dot area coverage amounts, then each 
adjustment in the series can be limited to a change of no more 
than a predetermined maximum halftone dot area coverage 
amount. Furthermore, in each of the above-described system 
embodiments, the processor can further make the series of 
relatively small incremental adjustments according to a pre 
determined schedule in order to avoid mid-image color cor 
rections, mid-document color corrections, and/or mid-print 
job color corrections. 

Also disclosed herein are embodiments of an associated 
method for gradually adjusting a look-up table (LUT) in order 
to improve the regulation of color quality of printed images. 
These method embodiments can comprise storing (e.g., in a 
data storage device) a look-up table (LUT) that is represen 
tative of a tone reproduction curve of a print engine and that 
correlates target values for a particular color (e.g., target tone 
values) with digital input values (e.g., halftone dot area cov 
erage amounts) required to achieve the target values. Next, a 
test image is generated (e.g., by the print engine) based on a 
selected digital input value from the LUT in an attempt to 
achieve a corresponding target value for the color (i.e., a 
corresponding targettone value). The test image is then evalu 
ated (e.g., by an optical sensor, Such as a spectrophotometer 
and a densitometer) to determine the actual value of the color 
as printed in the test image (e.g., the actual tone value). Then, 
based on the results of this evaluation, the LUT can be 
updated. 

For example, in one embodiment, the difference between 
the actual value of the color in the test image and the corre 
sponding target value for the color, which was correlated in 
the LUT with the selected digital input value and which used 
to generate the test image, can be determined (e.g., by a 
processor). Then, the LUT can be updated (e.g., by the pro 
cessor) so that the corresponding target value for the color is 
instead correlated in the LUT with an adjusted digital input 
value that corrects for this difference. Depending upon the 
size of the required adjustment, the LUT can be updated by 
making a series of relatively small incremental adjustments to 
the selected digital input value in order to achieve the adjusted 
digital input value. 

In another embodiment, rather than updating the LUT 
based on the difference between the corresponding target 
value for the color and the actual value of the color in the test 
image, the LUT can be updated based on the difference 
between the corresponding target value for the color and a 
predicted value for the color at a future time. Specifically, in 
this method embodiment, historical information characteriz 
ing time-dependent changes in the tone reproduction curve 
can also be stored (e.g., on the data storage device). Then, 
based on this historical information as well as the actual value 
of the color in the current test image, a predicted value for the 
color for the next test image to be generated based on the same 
selected digital input value can be determined (e.g., by the 
processor). Then, the difference between this predicted value 
for the color and the corresponding target value for the color 
can be determined (e.g., by the processor) and the LUT can be 
updated (e.g., also by the processor) so that the corresponding 
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4 
target value for the color is instead correlated in the LUT with 
an adjusted input value that corrects for this difference. As 
with the previously described embodiment, depending upon 
the size of the required adjustment, the LUT can be updated 
by making a series of relatively small incremental adjust 
ments to the selected digital input value in order to achieve the 
adjusted digital input value. 

In each of the above-described method embodiments, the 
series of relatively small incremental adjustments can be 
made over a specified period of time (e.g., before the next test 
image is scheduled to be generated and evaluated). Addition 
ally, to better ensure that any adjustments that are made to the 
LUT are gradually and imperceptibly implemented, the 
amount of change allowed (i.e., the predetermined maximum 
delta) with each adjustment can be limited. For example, if 
the target values are target tone values and the digital input 
values are halftone dot area coverage amounts, then each 
adjustment in the series can be limited to a change of no more 
than a predetermined maximum halftone dot area coverage 
amount. Furthermore, in each of the above-described system 
embodiments, the processor can further make the series of 
relatively small incremental adjustments according to a pre 
determined schedule in order to avoid mid-image color cor 
rections, mid-document color corrections, and/or mid-print 
job color corrections. 

Also disclosed herein are embodiments of a computer pro 
gram product. This computer program product can comprise 
a computerusable medium having computeruseable program 
code embodied therewith. The computer usable program 
code can be configured specifically to perform the above 
described method. 

These and other features are described in, or are apparent 
from, the following detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Various exemplary embodiments of the systems and meth 
ods are described in detail below, with reference to the 
attached drawing figures, in which: 

FIG. 1 is a schematic diagram illustrating an embodiment 
of a system for gradually adjusting a look-up table for a print 
engine in order to improve the regulation of color quality of 
printed images; 

FIG. 2 is a schematic diagram illustrating an exemplary 
print engine that can be incorporated into the system of FIG. 
1; 
FIG.3 is an illustration of an exemplary look-up table for a 

print engine; 
FIG. 4 is a graph illustrating an exemplary tone reproduc 

tion curve for a print engine; 
FIG. 5 is a graph illustrating drift of the tone reproduction 

curve of FIG. 4 over time, including predicted drift: 
FIG. 6 is a diagram illustrating an exemplary series of 

adjustments that can be made to a digital input value, which is 
correlated in a look-up table to a particular target value for a 
color, to compensate for actual drift: 

FIG. 7 is a diagram illustrating another exemplary series of 
adjustments that can be made to a digital input value, which is 
correlated in a look-up table to a particular target value for a 
color, to compensate for predicted drift: 

FIG. 8 is a flow diagram illustrating an embodiment of a 
method for gradually adjusting a look-up table for a print 
engine in order to improve the regulation of color quality of 
printed images; 

FIG. 9 is a flow diagram illustrating one technique for 
performing process 808 of FIG. 8; and 
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FIG. 10 is a flow diagram illustrating an alternative tech 
nique for performing process 808 of FIG. 8. 

DETAILED DESCRIPTION 

The embodiments disclosed herein and the various features 
and advantageous details thereof are explained more fully 
with reference to the non-limiting embodiments that are illus 
trated in the accompanying drawings and detailed in the fol 
lowing description. 
As discussed above, in order to print an image having a 

desired color a printing system will use a look-up table (LUT) 
that is representative of a tone reproduction curve for its print 
engine. Such an LUT is unique to the print engine and corre 
lates target values for a color (e.g., target tone values) with 
digital input values (e.g., halftone dot area coverage amounts 
expressed, for example, in terms of levels, ratios or percent 
ages) that will achieve those target values. Unfortunately, 
with time and use, the tone reproduction curve drifts causing 
the LUT to become less accurate such that the digital input 
values no longer achieve the target values. Changes in the 
tone reproduction curve are typically monitored by periodi 
cally generating and evaluating test images (i.e., test patches) 
to identify differences between target values for a particular 
color and actually achieved values. Once identified, various 
different techniques can be used alone and/or in combination 
to compensate for these differences. For example, various 
physical actuators within the printing system may be selec 
tively adjusted in order to alter specific printing parameters, 
Such as developer bias, charge level, etc. and, thereby to 
compensate for changes to the tone reproduction curve. Addi 
tionally or alternatively, the LUT for the tone reproduction 
curve can be updated. However, when there is a significant 
difference between a target value for a color and the actually 
achieved value, as is often the case when there is an extended 
period of time between monitoring operations, the above 
described compensation techniques can resultina Sudden and 
visually perceivable (i.e., noticeable) color correction. Such 
visually perceivable or noticeable color corrections are gen 
erally objectionable to customers, particularly, if they occur 
mid-image or mid-document. 

In view of the foregoing, disclosed hereinare embodiments 
of a system and a method for gradually adjusting a look-up 
table (LUT) for a print engine (i.e., for slewing the adjust 
ments to a LUT) in order to improve the regulation of color 
quality of printed images. Specifically, the embodiments can 
update (i.e., adjust) an LUT for a print engine so that a target 
value for a particular color (e.g., a target tone value) is corre 
lated in the LUT with an adjusted digital input value (e.g., an 
adjusted halftone dot area coverage amount) that corrects for 
a detected or predicted (i.e., forecasted) change in a tone 
reproduction curve following the generation and evaluation 
of a test image (i.e., a test patch). However, depending upon 
the size of the required adjustment, a series of relatively small 
incremental adjustments (as opposed to a single relatively 
large adjustment) can be made to the LUT table over a speci 
fied period of time (e.g., before the next test image for the 
same target color value is scheduled to be generated and 
evaluated). Each incremental adjustment in the series can be 
limited to a predetermined maximum delta in order to ensure 
that any LUT adjustments, which are made to the LUT fol 
lowing the generation and evaluation of one test image and 
before the generation and evaluation of the next test image for 
the same target color value, are gradually and imperceptibly 
implemented. Additionally, these adjustments can be made 
according to a predetermined schedule in order to avoid mid 
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6 
image color corrections, mid-document color corrections, 
and/or mid-print job color corrections. 
More particularly, referring to FIG. 1, disclosed herein are 

embodiments of a system 100 for gradually adjusting a look 
up table (LUT) for a print engine (i.e., for slewing the adjust 
ments to a LUT) in order to improve the regulation of color 
quality of printed images. These system embodiments can 
comprise a print engine 110, a data storage device 120, an 
optical sensor 130, a processor 140 and a controller 170 
operatively connected to each of the other components 110. 
120, 130 and 140. 
The print engine 110 can comprise a conventional electros 

tatographic print engine, for example, as described in detail in 
U.S. Pat. No. 7.291,399 of Kaplanet al., issued on Nov. 6, 
2007, assigned to Xerox Corporation of Norwalk, Conn., 
USA, and incorporated herein by reference. That is, the print 
engine 110 can comprise a photoreceptor 10 that can be 
charged on its Surface by means of a charger 12 to which a 
Voltage has been Supplied from power Supply 11. The photo 
receptor 10 can be exposed to light from an optical system or 
an image input apparatus 13, Such as a laser and/or light 
emitting diode, to form an electrostatic latent image thereon. 
Generally, the electrostatic latent image can be developed by 
bringing a developer mixture of toner particles from devel 
oper station 14 into contact with the latent image (e.g., by use 
of a magnetic brush, powder cloud, or other known develop 
ment process). After the latent image is developed (i.e., after 
the toner particles have been deposited onto the photoreceptor 
forming the toner image), the toner image can be transferred 
from the photoreceptor 10 to a print media sheet 16 by a 
transfer means 15 that employs, for example, pressure trans 
fer techniques, electrostatic transfer techniques, or the like. 
Alternatively, the toner image can be transferred from the 
photoreceptor 10 to an intermediate transfer member (e.g., an 
image transfer belt) and then Subsequently transferred from 
the intermediate transfer member to the print media sheet 16. 
After the toner image is transferred to the print media sheet 
16, the photoreceptor 10 can rotate through a cleaning station 
17, where toner particles left on the photoreceptor 10 are 
removed by cleaning member 22 (e.g., a blade, brush, or other 
cleaning apparatus). Additionally, the print media sheet 16 
can be advanced along a sheet transport path through a fuser 
19 (i.e., a fusing station) comprising, for example, fusing and 
pressure rolls that apply heat and pressure in order to fuse 
(i.e., fix) the toner particles forming the toner image onto the 
print medium. 
The data storage device 120 can comprise, for example, a 

computerreadable data storage medium adapted to (i.e., con 
figured to) store data, including but not limited to, a magnetic 
or optical disk drive, a programmable gate array, a compact 
flash memory, or other flash memory, a system or cache 
memory, etc. The data storage device 120 can store a look-up 
table (LUT) 121 (e.g., as shown in FIG. 3) that is representa 
tive of a tone reproduction curve 400 (e.g., as shown in FIG. 
4) for the print engine 110. Specifically, in the exemplary 
look-up table of FIG. 3, Target Values For A Color: Target 
Tone Values in L*Units (Darkest=0 to Lightest=100) are 
associated with Digital Area Coverage Values: Halftone Dot 
Area Coverage Amount (Levels 0-255). For illustration pur 
poses in FIG. 3, a tone value of pure white equals 100 and a 
tone value of pure black equals 0; however, those skilled in the 
art will recognize that such tone values are considered physi 
cally unachievable. The tone reproduction curve 400 can 
correlate TargetValues For A Color (E.g., Target Tone Values 
In L* Units, where Darkest=0 And Lightest=100) with Digi 
tal Input Values (E.g., Halftone Dot Area Coverage Levels 
0-255) required by the print engine 110 to achieve the target 
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values, as shown in FIG. 4. For example, the target values for 
a particular color can comprise target tone values measured, 
for example, in CIELAB L * units ranging from 0 to 100 with 
O being the darkest and 100 being the lightest and the digital 
input values can comprise halftone dot area coverage 
amounts, also referred to as halftone levels (e.g., ranging from 
0-255). For illustration purposes in FIG. 4, a tone value of 
pure white equals 100 and a tone value of pure black equals 0; 
however, those skilled in the art will recognize that such tone 
values are considered physically unachievable. This curve 
400 can be converted into a table format, as shown in FIG. 3, 
and stored as reference for Subsequent printing processes. 
However, as mentioned above, with time and use. Such a tone 
reproduction curve 400 and, thereby the LUT 121, can 
become less accurate (i.e., can drift) Such that the digital input 
values do not achieve the target values as indicated in the LUT 
121. Thus, test images (i.e., test patches) are periodically 
generated and evaluated to in order to update the LUT 121, as 
necessary. 

To that end, in addition to performing conventional print 
ing processes, as discussed above, the print engine 110 can 
also generate (i.e., can also be adapted to generate, configured 
to generate, etc.) test images (i.e., test patches) for target color 
values. For example, referring again to FIG. 2, a test image 
can be generated by the print engine 110 based on a selected 
digital input value (e.g., a selected halftone dot area coverage 
amounts) from the LUT 121 in an attempt to achieve a cor 
responding target value for a particular color (e.g., a corre 
sponding target tone value). Specifically, a latent image can 
be created at a predetermined test location on the photorecep 
tor 10. The latent image can subsequently be passed by the 
developer station 14 for development (i.e., for formation of a 
toner image). Depending upon the embodiment and also 
depending upon the configuration of the system 100 and, 
particularly, depending upon the placement of the optical 
sensor 130 within the system 100, the test image can comprise 
the toner image as positioned on the photoreceptor 10. Alter 
natively, the test image can comprise the toner image as 
positioned on an intermediate transfer member (e.g., after it 
has been transferred from the photoreceptor 10). Alterna 
tively, the test image can comprise the toner image as it 
positioned on a print media sheet 16 (e.g., after it has been 
transferred directly from the photoreceptor 10 or indirectly 
via an intermediate transfer member). 
Once a test image is generated, the optical sensor 130 can 

evaluate (i.e., can be adapted to evaluate, can be configured to 
evaluate, etc.) the test image to determine the actual value of 
the color in the test image (e.g., the actual tone value mea 
sured, for example, in CIELAB L * units ranging from 0 to 
100). The optical sensor 120 can comprise any sensor device 
that is Suitable for directly measuring or inferring the color 
value (e.g., a spectrophotometer or a densitometer). Such 
optical sensors are well-known in the art (e.g., see U.S. Pat. 
No. 7.239,819 of Gross et al. incorporated by reference 
above) and, thus, the details are omitted from this specifica 
tion in order to allow the reader to focus on the salient aspects 
of the embodiments disclosed. The results from the optical 
sensor 130 can then be used (e.g., by the processor 140) to 
update the LUT 121. 

Specifically, in one embodiment, the processor 140 can 
receive (i.e., can be adapted to receive, configured to receive, 
etc.) from the optical sensor 130, the actual value of the color 
in the test image. The processor 140 can also access (i.e., can 
be adapted to access, configured to access, etc.) the data 
storage device 120 in order to determined the corresponding 
target value for the color, which is listed in the LUT 121 as 
being correlated with the selected digital input value that was 
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8 
used to generate the test image. Then, the processor 140 can 
determine (i.e., can be adapted to determine, configured to 
determine, etc.) the difference between the actual value of the 
color in the test image, as determined by the optical sensor 
130, and the corresponding target value for the color, as set 
out in the LUT 121. The processor 140 can then update (i.e., 
can be adapted to update, configured to update, etc.) the LUT 
121 so that the corresponding target value is instead corre 
lated in the LUT 121 with an adjusted digital input value that 
corrects for this difference (i.e., that corrects for the differ 
ence between the corresponding target value for the color and 
the actual value of the color in the test image). 

For example, as shown in FIG. 5, the color reproduction 
curve 501 can identify a target value 502 for particular color 
that should be achieved with a selected digital input value 
(e.g., a target 75% reflectance should be achieved with a 
halftone level of 100). However, if, as indicated on the mea 
sured drift of color reproduction curve 503, a selected digital 
input value results in a test image with an actual color value 
504 that is different from the target color value (e.g., with an 
actual tone value of 85 L* as opposed to the target tone value 
of 75 L*), then the digital input value in the LUT 121 will 
need to be adjusted (see adjusted dot area coverage (DAC) 
505) to correct for this difference. That is, it will need to be 
adjusted to correct for the difference between the correspond 
ing target value for the color and the actual value of the color 
in the test image (e.g., the halftone level can be adjusted from 
level 100 to level 110 in order in order to achieve the target 
tone value of 75 L). For illustration purposes in FIG. 5, a 
tone value of pure white equals 100 and a tone value of pure 
black equals 0; however, those skilled in the art will recognize 
that such tone values are considered physically unachievable. 

However, depending upon the size of the required adjust 
ment, the processor 140 can update the LUT 121 by making 
a series of relatively Small incremental adjustments to the 
selected digital input value (as opposed to a single relatively 
large adjustment) in order to achieve the adjusted digital input 
value. That is, if the size of the required adjustment to the 
selected digital input value is greater than a preset limit (e.g., 
greater than a predetermined number of halftone levels), then 
the LUT 121 can be updated by making a series of relatively 
Small incremental adjustments (as opposed to a single rela 
tively large adjustment). The preset limit can be a size above 
which any adjustments to the LUT 21 would be visibly per 
ceivable in a printed image. For example, as illustrated in FIG. 
6, a required 10-level adjustment from level 100 to level 100 
in order to achieve the target tone value of 75 L* can be made 
by making 10 single level adjustments over time. 

In another embodiment, rather than updating the LUT 121 
based on the difference between the corresponding target 
value of the color and the actual value of the color in the test 
image, the processor 140 can update the LUT 121 based on 
the difference between the corresponding target value for the 
color and a predicted value for the colorata future time (e.g., 
when the next test image is scheduled to be generated and 
evaluated). Specifically, like the previously described 
embodiment, the processor 140 can receive (i.e., can be 
adapted to receive, configured to receive, etc.) from the opti 
cal sensor 130, the actual value for the color in the test image. 
In this system embodiment, however, the data storage device 
120 can also store historical information 122 characterizing 
time-dependent changes in the tone reproduction curve. The 
processor 140 can access (i.e., can be adapted to access, 
configured to access, etc.) the data storage device 120 and, 
particularly, the historical information 122 in the data storage 
device 120. Then, based on this historical information 122 as 
well as the actual value of the color in the current test image, 
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the processor 140 can determine (i.e., can be adapted to 
determine, configured to determine, etc.) the predicted value 
for the color in the next test image. That is, the processor 140 
can forecast or make a prediction as to what the value of the 
color will be for the next schedule test image, which is to be 
printed by the print engine at a future time and based on the 
same selected digital input value used to generate the current 
test image. In this case, the processor 140 can then further 
determine the difference between this predicted value and the 
corresponding target value for the color. The processor 140 
can then update (i.e., can be adapted to update, configured to 
update, etc.) the LUT 121 so that the corresponding target 
color value is instead correlated in the LUT 121 with an 
adjusted input value that corrects for this difference (i.e., that 
corrects for the difference between the corresponding target 
value for the color and the predicted value for the color in the 
next test image scheduled to be generated based on the same 
selected digital input value). 

For example, as shown in FIG. 5, the tone reproduction 
curve can identify a target value 502 for a color that should be 
achieved with a selected digital input value (e.g., a target tone 
value of 75 L*) that should be achieved with a halftone level 
of 100). However, as indicated on the measured drift of color 
reproduction curve 503, an evaluation by an optical sensor 
130 indicates that this selected digital input value results in a 
test image where the actual value 504 of the color is different 
from the target value (e.g., a halftone level of 100 results in an 
actual tone value of 85 L* as opposed to the target tone value 
of 75 L*). Furthermore, a prediction by the processor 140 
based on historical information and also on the actual value 
504 of the color in the test image indicates, as shown on the 
predicted drift of color reproduction curve at some future time 
506, that this selected digital input value will result in the next 
scheduled test image having a color value 507 that is different 
from the target value by an even greater amount (e.g., a 
halftone level of 100 will likely result in the next test image 
having a tone value of 95 L* as opposed to the target 75 L*). 
Thus, the digital input value in the LUT 121 will need to be 
adjusted (see adjusted dot area coverage (DAC) 508) to cor 
rect for this difference. That is, the digital input value in the 
LUT 121 needs to be adjusted to correct for the difference 
between the corresponding target value for the color and the 
predicted value for the color (e.g., the halftone level can be 
adjusted from level 100 to level 120 in order to achieve the 
target tone value of 75 L* since the larger the halftone value 
the less the reflectance and the darker the color). For illustra 
tion purposes in FIG. 5, a tone value of pure white equals 100 
and a tone value of pure black equals 0; however, those skilled 
in the art will recognize that such tone values are considered 
physically unachievable. 

Again, depending upon the size of the required adjustment, 
the processor 140 can update the LUT 121 by making a series 
of relatively small incremental adjustments to the selected 
digital input value (as opposed to a single relatively large 
adjustment) in order to achieve the adjusted digital input 
value. That is, if the size of the required adjustment to the 
selected digital input value is greater than a preset limit (e.g., 
greater than a predetermined number of halftone levels), then 
the LUT 121 can be updated by making a series of relatively 
Small incremental adjustments (as opposed to a single rela 
tively large adjustment). The preset limit can be a size above 
which any adjustments to the LUT 21 would be visibly per 
ceivable in a printed image. For example, as illustrated in FIG. 
7, a required 20-level adjustment from level 100 to level 120 
in order to achieve the target tone value of 75 L* can be made 
by making 10 two-level adjustments over time. 
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10 
In each of the above-described system embodiments, the 

processor 140 can make (i.e., can be adapted to make, con 
figured to make, etc.) the series of relatively small incremen 
tal adjustments over a specified period of time and particu 
larly over a period of time before the next test image for the 
same target color is scheduled to be generated and evaluated. 
Additionally, to better ensure that any adjustments made to 
the LUT 121 are gradually and imperceptibly implemented, 
the amount of change allowed with each adjustment can be 
limited. That is, with each adjustment, the allowable change 
to the selected digital input value can be set so that it is no 
more than a predetermined maximum delta. For example, if 
the target color values are target tone values and if the digital 
input values are halftone dot area coverage amounts, then 
each adjustment in the series can be limited to a change of no 
more than a predetermined maximum halftone dot area cov 
erage amount. This predetermined maximum halftone dot 
area coverage amount can be expressed in terms of coverage 
percentage (e.g., a given percentage increase or decrease in 
halftone dot area coverage) or coverage level (e.g., a given 
increase or decrease in the number of levels of halftone dot 
area coverage). Additionally, in each of the above-described 
system embodiments, the processor 140 can further make 
(i.e., can be adapted to make, configured to make, etc.) the 
series of relatively small incremental adjustments according 
to a predetermined schedule in order to avoid mid-image 
color corrections, mid-document color corrections, and/or 
mid-print job color corrections. That is, the schedule can 
specify that color adjustments may only be made to the LUT 
121 between printing different documents or between print 
ing different print jobs. 

It should be noted that if this predetermined schedule also 
limits the number of incremental adjustments that can be 
made following generation and evaluation of one test image 
and before generation and evaluation of the next test image 
for the same target color value (i.e., if the schedule sets a 
predetermined maximum number of incremental adjustments 
that can be made in response to the generation and evaluation 
of a test image), then the predetermined maximum delta for 
each adjustment (e.g., the predetermined maximum amount 
by which a halftone dot area coverage amount can be 
increased or decreased with each adjustment) may vary as a 
function of the predetermined number of incremental adjust 
ments. For example, as illustrated in FIG. 6, the maximum 
number of adjustments may be limited to 10. Thus, if the 
required adjustment is from halftone level 100 to halftone 
level 110, then the predetermined maximum delta with each 
adjustment in the series will be limited to one level. However, 
as illustrated in FIG. 7, if the maximum number of adjust 
ments is limited to 10 and if the required adjustment is from 
halftone level 100 to halftone level 120, then the predeter 
mined maximum delta with each adjustment in the series will 
be limited to two levels. 
As mentioned above, the system embodiments 100 can 

also comprise a controller 170, which is operatively con 
nected to the print engine 110, data storage device 120 optical 
sensor 130 and processor 140. This controller 170 can control 
operation of the system components and specifically can con 
trol performance of the various processes described above, 
including but not limited to the printing of test images by the 
print engine 110, evaluating of those test images by the opti 
cal sensor 130 and updating the LUT 121 by the processor 
140. This controller 170 can comprise, for example, a pro 
grammable, self-contained, dedicated mini-computer having 
a central processor unit (CPU), electronic storage, and a dis 
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play or user interface (UI) and can function as the main 
control system for the printing system within which the print 
engine 110 is incorporated. 

Referring to FIG. 8 in combination with FIG. 1, also dis 
closed herein are embodiments of an associated method for 
gradually adjusting a look-up table (LUT) for a print engine 
(i.e., for slewing the adjustments to an LUT) in order to 
improve the regulation of color quality of printed images. 
These method embodiments can comprise storing (e.g., in a 
data storage device 120) a look-up table (LUT) 121 for a print 
engine 110 (802). Specifically, in the look-up table of FIG. 3, 
Target Values For A Color: Target Tone Values in L*Units 
(Darkest=0 to Lightest=100) are associated with Digital Area 
Coverage Values: Halftone DotArea Coverage Amount (Lev 
els 0-255). For illustration purposes in FIG.3, a tone value of 
pure white equals 100 and a tone value of pure black equals 0; 
however, those skilled in the art will recongize that such tone 
values are considered physically unachievable. A tone repro 
duction curve 400 can correlate Target Values For A Color 
(E.g., Target Tone Values In L* Units, where Darkest=0 And 
Lightest=100) with Digital Input Values (E.g., Halftone Dot 
Area Coverage Levels 0-255) required by the print engine 110 
to achieve the target values, as shown in FIG. 4. For example, 
the target values for a particular color can comprise target 
tone values measured, for example, in CIELAB L * units 
ranging from 0 to 100 with Obeing the darkest and 100 being 
the lightest and the digital input values can comprise halftone 
dot area coverage amounts, also referred to as halftone levels 
(e.g., ranging from 0-255). For illustration purposes in FIG. 4. 
a tone value of pure white equals 100 and a tone value of pure 
black equals 0; however, those skilled in the art will recognize 
that such tone values are considered physically unachievable. 
This curve 400 can be converted into a table format, e.g., as 
shown in FIG.3, and can be stored in a data storage device 120 
at process 802, as reference for Subsequent printing pro 
cesses. However, as mentioned above, with time and use, Such 
a tone reproduction curve 400 and, thereby the LUT 121, can 
become less accurate (i.e., can drift) Such that the digital input 
values do not achieve the target values as indicated in the LUT 
121. Thus, test images (e.g., test patches) are typically peri 
odically generated and evaluated to in order to update the 
LUT 121, as necessary. For illustration purposes in FIG. 5, a 
tone value of pure white equals 100 and a tone value of pure 
black equals 0; however, those skilled in the art will recognize 
that such tone values are considered physically unachievable. 

Specifically, a test image is generated (e.g., by the particu 
lar print engine 110) based on a selected digital input value 
from the LUT 121 in an attempt to achieve a corresponding 
target value for a color (i.e., a corresponding target tone value) 
(804). For example, as described in detail above with regard 
to the system embodiments and referring to the print engine 
illustrated in FIG. 2, a latent image can be created at a prede 
termined test location on the photoreceptor 10. The latent 
image can Subsequently be passed by the developer station 14 
for development (i.e., formation of a toner image). Depending 
upon the embodiment and the configuration of the system 100 
and, particularly, depending upon placement of the optical 
sensor 130 within the system 100, the test image can comprise 
the toner image as positioned on the photoreceptor 10. Alter 
natively, the test image can comprise the toner image as 
positioned on an intermediate transfer member (e.g., after it 
has been transferred from the photoreceptor 10). Alterna 
tively, the test image can comprise the toner image as it 
positioned on a print media sheet 16 (e.g., after it has been 
transferred directly from photoreceptor 10 or indirectly via an 
intermediate transfer member). 
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12 
Once the test image is generated at process 804, it can be 

evaluated (e.g., by an optical sensor, such as a spectropho 
tometer and a densitometer) to determine the actual value of 
the color in the test image (e.g., the actual tone value mea 
sured in CIELAB L * units ranging from 0 to 100) (806). 
Techniques for evaluating test images (i.e., techniques for 
measuring or inferring a color value) are well-known in the art 
(e.g., see U.S. Pat. No. 7.239,819 of Gross et al. incorporated 
by reference above) and, thus, the details are omitted from 
this specification in order to allow the reader to focus on the 
salient aspects of the embodiments disclosed. Once the test 
image is evaluated at process 806, the results of the evaluation 
can, if necessary, be used to update the LUT 121, as discussed 
in detail below (808). 

Specifically, referring to FIG. 9 in combination with FIG. 
1, in one embodiment of the method, the process 808 of 
updating the LUT 121 can be accomplished as follows. The 
actual value of the color in the test image can be received (e.g., 
by the processor 140 from the optical sensor 130) (902). 
Additionally, the data storage device 120 can be accessed 
(e.g., by the processor 140) in order to determined the corre 
sponding target value for the color, which is listed in the LUT 
121 as being correlated with the selected digital input value 
used to generate the test image (904). Then, the difference 
between the actual value of the color in the test image, as 
determined by the optical sensor 130, and the corresponding 
target value for the color, as set out in the LUT 121, can be 
determined (e.g., also by the processor 140) (908). Next, the 
LUT 121 can be updated (e.g., by the processor 140) so that 
the corresponding target value for the color is instead corre 
lated in the LUT 121 with an adjusted digital input value that 
corrects for this difference (i.e., that corrects for the differ 
ence between the corresponding target value for the color and 
the actual value of the color in the test image) (908). 

For example, as shown in FIG. 5, the color reproduction 
curve 501 can identify a target value 502 for a color that 
should be achieved with a selected digital input value (e.g., a 
target tone value of 75 L should be achieved with a halftone 
level of 100). However, if, as indicated on the measured drift 
of color reproduction curve 503, this selected digital input 
value results in a test image with an actual color value 503 that 
is different from the target value (e.g., with an actual tone 
value of 85 L* as opposed to the target tone value of 75 L*). 
then the digital input value in the LUT 121 will need to be 
adjusted (see adjusted dot area coverage (DAC) 505) to cor 
rect for this difference. That is, it will need to be adjusted to 
correct for the difference between the corresponding target 
value for the color and the actual value of the color in the test 
image (e.g., the halftone level can be adjusted from level 100 
to level 110 in order to achieve the target tone value of 75 L*). 
For illustration purposes in FIG. 5, a tone value of pure white 
equals 100 and a tone value of pure black equals 0; however, 
those skilled in the art will recognize that such tone values are 
considered physically unachievable. 

However, depending upon the size of the required adjust 
ment, the LUT 121 can be updated by making a series of 
relatively small incremental adjustments to the selected digi 
tal input value (as opposed to a single relatively large adjust 
ment) in order to achieve the adjusted digital input value 
(910). That is, if the size of the required adjustment to the 
selected digital input value is greater than a preset limit (e.g., 
greater than a predetermined number of halftone levels), then 
the LUT 121 can be updated by making a series of relatively 
Small incremental adjustments (as opposed to a single rela 
tively large adjustment). The preset limit can be a size above 
which any adjustments to the LUT 21 would be visibly per 
ceivable in a printed image. For example, as illustrated in FIG. 
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6, a required 10-level adjustment from level 100 to level 110 
in order to achieve a target tone value of 75 L* can be made by 
making 10 single level adjustments over time. 
The following exemplary technique can be used to make 

the series of relatively small adjustments to the LUT (i.e., can 
be used to slew the adjustment to the LUT) at process 910: 

At time k the digital LUT, assuming 256 elements i.e., 
levels 0-255), may be expressed as, 

LUT(k)=lut (k)luta(k)lut (k) ... luts (k). 

At time k+T the required digital LUT, assuming 256 ele 
ments, may be expressed as, 

The slewing from the LUT table at timek to k+T can take 
many functional forms. For purposes of illustration, a linear 
slew is used. Those skilled in the art will recognize that it may 
be desirable to discretize the slewing function and update 
only in the inter document Zone regions so as not to adjust the 
LUT in the middle of the print. Whether this is required or not 
will depend on the magnitude and rounding of the adjust 
mentS. 

Alternatively, the following exemplary technique can be 
used for making the series of relatively small adjustments 
(i.e., can be used to slew the adjustment to the LUT): 
At any time between k and k+T, the applied digital LUT, 

(LUT), may be expressed as, 

LUTid (k+ f3: T) = LUT(k) + (LUT(k+T) - LUT(k)): (1 - ef ), 

where m is chosen Suitably. 
While this form can yield a discontinuity, it may be suffi 

cient. Polynomial or spline forms may also be suitable. 
Referring to FIG.10 in combination with FIG.1, in another 

embodiment of the method, rather than updating the LUT at 
process 808 based on the difference between the correspond 
ing target value for the color and the actual value of the color 
in the test image, the LUT is updated at process 808 based on 
the difference between the target value for the color and a 
predicted value for the color at a future time (e.g., at a time 
when the next test image is scheduled to be generated and 
evaluated for purposes of updating the LUT 121). Specifi 
cally, in this method embodiment, historical information 122 
characterizing time-dependent changes in the tone reproduc 
tion curve can also be stored (e.g., in the data storage device 
120) (1002). Additionally, the actual value of the color in the 
current test image can be received (e.g., by the processor 140 
from the optical sensor 130) (1004). 

Based on the historical information 122 as well as the 
actual value of the color in the current test image, a predicted 
value for the color in the next test image can be determined 
(e.g., by the processor 140) (1006). That is, a forecast or 
prediction can be made as to what the value of the color will 
be in the next test image, if that next test image were to be 
printed at a future time based on the same selected digital 
input value used to generate the current test image. 
The following exemplary technique can be used for mak 

ing such a forecast or prediction at process 1006. Specifically, 
a model based forecast can be applied based on an autore 
gressive integrated moving average (ARIMA) methodology. 
This ARIMA methodology is well known in the art and is 
based on a weighted Sum of prior measurements. The forecast 
is typically optimal in Some least squares sense. For example, 
the required LUT element at time LUT (k+T) can be 
expressed as follows: 

applied 
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Such an expression is optimal in a least squares sense if, for 
example, the underlying LUT follows a random walk, or 
follows any functional form, such as, where LUT,(k+T) 
=*LUT(k)+*LUT(k-T)+ . . . *LUT(k-N*T)+p *e 
(k)+pe(k-T)+ . . . p(k-N-T), where e(k) is a random 
uncorrelated noise term. 

Additionally, in this embodiment of the method, the data 
storage device 120 can be accessed (e.g., by the processor 
140) in order to determined the corresponding target value for 
the color, which is listed in the LUT 121 as being correlated 
with the selected digital input value used to generate the test 
image (1008). Then, the difference between the predicted 
value for the color and the corresponding target value for the 
color can be determined (e.g., by the processor 140) (1010). 
Next, the LUT 121 can be updated (e.g., also by the processor 
140) so that the corresponding target value for the color is 
instead correlated in the LUT 121 with an adjusted digital 
input value that corrects for this difference (i.e., that corrects 
for the difference between the corresponding target value for 
the color and the predicted value for the color of the next test 
image) (1012). 

Again, depending upon the size of the required adjustment, 
the LUT 121 can be updated by making a series of relatively 
Small incremental adjustments to the selected digital input 
value (as opposed to a single relatively large adjustment) in 
order to achieve the adjusted digital input value (1014, see 
detailed discussion above regarding process 910 of FIG. 9). 
That is, if the size of the required adjustment to the selected 
digital input value is greater than a preset limit (e.g., greater 
than a predetermined number of halftone levels), then the 
LUT 121 can be updated by making a series of relatively 
Small incremental adjustments (as opposed to a single rela 
tively large adjustment). The preset limit can be a size above 
which any adjustments to the LUT 121 would be visibly 
perceivable in a printed image. For example, as illustrated in 
FIG. 7, a required 20-level adjustment from level 100 to level 
120 in order to achieve the target tone value of 75 L* can be 
made by making 10 two-level adjustments over time. 

Referring to FIGS.9 and 10, in each of the above-described 
method embodiments, the series of relatively small incremen 
tal adjustments to the LUT can be over a specified period of 
time and particularly over a period of time before the next test 
image for the same target value is scheduled to be generated 
and evaluated (921, 1021). Additionally, to better ensure that 
any adjustments made to the LUT 121 are gradually and 
imperceptibly implemented (i.e., unnoticeable), the amount 
of change allowed with each adjustment can be limited (922. 
1022). That is, with each adjustment, the allowable change to 
the selected digital input value can be set so that it is no more 
than a predetermined maximum delta. For example, if the 
target values for a color are target tone values and if the digital 
input values are halftone dot area coverage amounts, then 
each adjustment in the series can be limited to a change of no 
more than a predetermined maximum halftone dot area cov 
erage amount. This predetermined maximum halftone dot 
area coverage amount can be expressed in terms of coverage 
percentage (e.g., a given percentage increase or decrease in 
halftone dot area coverage) or coverage level (e.g., a given 
increase or decrease in the number of levels of halftone dot 
area coverage). Additionally, in each of the above-described 
method embodiments, the series of relatively small incremen 
tal adjustments can be made according to a predetermined 
schedule in order to avoid mid-image color corrections, mid 
document color corrections, and/or mid-print job color cor 
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rections (923, 1023). That is, the schedule can specify that 
color adjustments may only be made to the LUT between 
printing different documents or between printing different 
print jobs. 

It should be noted that if this predetermined schedule also 
limits the number of incremental adjustments that can be 
made following generation and evaluation of one test image 
and before generation and evaluation of the next test image 
for the same target value (i.e., if the schedule sets a predeter 
mined maximum number of incremental adjustments that can 
be made in response to the generation and evaluation of a test 
image), then the predetermined maximum delta set at process 
922, 1022 for each adjustment (e.g., the predetermined maxi 
mum amount by which a halftone dot area coverage amount 
can be increased or decreased with each adjustment) may 
vary as a function of the predetermined number of incremen 
tal adjustments. For example, as illustrated in FIG. 6, the 
maximum number of adjustments may be limited to 10. Thus, 
if the required adjustment is from halftone level 100 to half 
tone level 110, then the predetermined maximum delta with 
each adjustment in the series will be limited to one level. 
However, as illustrated in FIG. 7, if the maximum number of 
adjustments is limited to 10 and if the required adjustment is 
from halftone level 100 to halftone level 120, then the prede 
termined maximum delta with each adjustment in the series 
will be limited to two levels. 

Referring again to FIG. 8, the processes 804-808, as dis 
cussed in detail above, can be repeated for a target value for a 
color (i.e., a target tone value) periodically over time to com 
pensate for tone reproduction curve drift. Specifically, these 
processes can be repeated according to a predetermined 
schedule and/or on-demand. It should be understood that, 
while the embodiments are described above with reference to 
updating a single digital input value for a single target value 
for a color in the LUT, all LUT elements should be updated 
accordingly. However, it should further be understood that 
different update rates may be applied to different elements 
(e.g., mid patches may be updated slower than Solids, etc.). 
The specific choice of function would be dependent on the 
specific goals and system behavior. 

Also disclosed herein are embodiments of a computer pro 
gram product. This computer program product can comprise 
a computer-usable (i.e., computer-readable) medium on 
which a computer-useable (i.e., computer-readable) program 
code (i.e., a control program, a set of executable instructions, 
etc.) is recorded and stored or embodied. Specifically, the 
computer-useable medium can comprise a tangible, non-tran 
sitory, storage medium (i.e., a memory device) on which the 
program is recorded and stored. Exemplary forms of Such a 
tangible, non-transitory, storage medium include, but are not 
limited to, a magnetic storage medium (e.g., a floppy disk, a 
flexible disk, a hard disk, a magnetic tape or any other mag 
netic storage medium), an optical storage medium (e.g., a 
CD-ROM, DVD or any other optical storage medium), or a 
memory chip or cartridge (e.g., a RAM, a PROM, an 
EPROM, a FLASH-EPROM, or any other memory chip or 
cartridge). Alternatively, the computer-useable medium can 
comprise a transmission medium in which the program is 
embodied as a data signal. Exemplary forms of a transmission 
medium include, but are not limited to, an acoustic wave 
generated during radio wave communication, a light wave 
generated during infrared data communication or any other 
transmission medium from which a computer can read and 
use program code. The computer-usable program code can be 
read and executed by a computer (e.g., by the controller 170 
of FIG. 1) in order to perform the method for gradually 
adjusting a look-up table for a print engine in order to improve 
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the regulation of color quality of printed images (e.g., as 
described above and illustrated in FIGS. 8-10). 
Many computerized devices are discussed above. Comput 

erized devices that include chip-based central processing 
units (CPUs), input/output devices (including graphic user 
interfaces (GUI), memories, comparators, processors, etc. are 
well-known and readily available devices produced by manu 
facturers such as Dell Computers, Round Rock Tex., USA 
and Apple Computer Co., Cupertino Calif., USA. Such com 
puterized devices commonly include input/output devices, 
power Supplies, processors, electronic storage memories, 
wiring, etc., the details of which are omitted form this speci 
fication to allow the reader to focus on the salient aspects of 
the embodiments described herein. Similarly, scanners and 
other similar peripheral equipment are available from Xerox 
Corporation, Norwalk, Conn., USA and the details of such 
devices are not discussed herein for purposes of brevity and 
reader focus. 
The word “printer”, “print engine' or “image output ter 

minal” as used herein encompasses any apparatus. Such as a 
digital copier, bookmaking machine, facsimile machine, 
multi-function machine, etc. which performs a print output 
ting function for any purpose. The details of printers, print 
engines, etc. are well-known by those ordinarily skilled in the 
art and are discussed in, for example, U.S. Pat. No. 6,032.004, 
the complete disclosure of which is fully incorporated herein 
by reference. The embodiments herein can encompass 
embodiments that print in color, monochrome, or handle 
color or monochrome image data. All foregoing embodi 
ments are specifically applicable to electrostatographic and/ 
or Xerographic machines and/or processes. 

It will be appreciated that the above-disclosed and other 
features and functions, or alternatives thereof, may be desir 
ably combined into many other different systems or applica 
tions. Various presently unforeseen or unanticipated alterna 
tives, modifications, variations, or improvements therein may 
be subsequently made by those skilled in the art which are 
also intended to be encompassed by the following claims. The 
claims can encompass embodiments in hardware, software, 
and/or a combination thereof. Unless specifically defined in a 
specific claim itself, steps or components of the embodiments 
herein should not be implied or imported from any above 
example as limitations to any particular order, number, posi 
tion, size, shape, angle, color, or material. 

Therefore, disclosed above are embodiments of a system 
and a method for gradually adjusting a look-up table (LUT) 
for a print engine (i.e., for slewing the adjustments to a LUT) 
in order to improve the regulation of color quality of printed 
images. Specifically, the embodiments can update (i.e., 
adjust) an LUT for a print engine so that a target value for a 
particular color (e.g., a target tone value) is correlated in the 
LUT with an adjusted digital input value (e.g., an adjusted 
halftone dot area coverage amount) that corrects for a 
detected or predicted change in a tone reproduction curve 
following the generation and evaluation of a test image (i.e., 
a test patch). However, depending upon the size of the 
required adjustment, a series of relatively small incremental 
adjustments (as opposed to a single relatively large adjust 
ment) can be made to the LUT table over a specified period of 
time (e.g., before the next test image is scheduled to be 
generated and evaluated). Each incremental adjustment in the 
series can be limited to a predetermined maximum delta in 
order to ensure that any LUT adjustments, which are made to 
the LUT following the generation and evaluation of one test 
image and before the generation and evaluation of the next 
test image for the same target value, are gradually and imper 
ceptibly implemented (i.e., unnoticeable). Additionally, these 



US 8,395,816 B2 
17 

adjustments can be made according to a predetermined 
schedule in order to avoid mid-image color corrections, mid 
document color corrections, and/or mid-print job color cor 
rections. 
What is claimed is: 
1. A method comprising: 
storing, in a data storage device, a look-up table represen 

tative of a tone reproduction curve for a print engine, 
said look-up table correlating target values for a color to 
be printed by said print engine with digital input values; 

generating, by said print engine and based on a selected 
digital input value, a test image having said color, 

determining, by a processor, a difference between an actual 
value of said color and a corresponding target value for 
said color, said corresponding target value being corre 
lated in said look-up table with said selected digital input 
value; and 

updating, by said processor, said look-up table so that said 
corresponding target value for said color is correlated in 
said look-up table with an adjusted digital input value 
that corrects for said difference, said updating compris 
ing making a series of incremental adjustments to said 
Selected digital input value. 

2. The method of claim 1, said making of said series of 
incremental adjustments being performed so as to ensure that 
any corrections to said look-up table required to achieve a 
desired value for said color are gradually and imperceptibly 
implemented. 

3. The method of claim 1, said making of said series of 
incremental adjustments being performed according to a pre 
determined schedule in order to avoid at least one of mid 
image color corrections, mid-document color corrections, 
and mid-print job color corrections. 

4. The method of claim 1, said target values for said color 
comprising target tone values, said digital input values com 
prising halftone dot area coverage amounts and each adjust 
ment in said series comprising a change of no more than a 
predetermined maximum halftone dot area coverage amount. 

5. The method of claim 4, said series comprising a prede 
termined number of incremental adjustments and said prede 
termined maximum halftone dot area coverage amount being 
a function of said predetermined number of incremental 
adjustments. 

6. A method comprising: 
storing, in a data storage device, a look-up table represen 

tative of a tone reproduction curve for a print engine, 
said look-up table correlating target values for a color to 
be printed by said print engine with digital input values; 

generating, by said print engine and based on a selected 
digital input value, a test image having said color, 

evaluating, by an optical sensor, said test image to deter 
mine an actual value of said color, 

determining, by a processor and based on said actual value, 
a predicted value for said color of a next test image to be 
printed by said print engine in response to said selected 
digital input value at a future time; 

determining, by said processor, a difference between said 
predicted value for said color and a corresponding target 
value for said color, said corresponding target value 
being correlated in said look-up table with said selected 
digital input value; and 

updating, by said processor, said look-up table so that said 
corresponding target value for said color is correlated in 
said look-up table with an adjusted input value that 
corrects for said difference, said updating comprising 
making a series of incremental adjustments to said 
Selected digital input value. 
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7. The method of claim 6, 
further comprising storing, in said data storage device, 

historical information characterizing time-dependent 
changes in said tone reproduction curve, and 

said determining of said predicted value further compris 
ing determining said predicted value based on said his 
torical information. 

8. The method of claim 6, said making of said series of said 
incremental adjustments being performed so as to ensure that 
any corrections to said look-up table required to achieve a 
desired value for said color are gradually and imperceptibly 
implemented. 

9. The method of claim 6, said making of said series of said 
incremental adjustments being performed according to a pre 
determined schedule in order to avoid at least one of mid 
image color corrections, mid-document color corrections, 
and mid-print job color corrections. 

10. The method of claim 6, said target values for said color 
comprising target tone values, said digital input values com 
prising halftone dot area coverage amounts and each adjust 
ment in said series comprising a change of no more than a 
predetermined maximum halftone dot area coverage amount. 

11. The method of claim 10, said series comprising a pre 
determined number of incremental adjustments and said pre 
determined maximum halftone dot area coverage amount 
being a function of said predetermined number of incremen 
tal adjustments. 

12. The method of claim 6, said optical sensor comprising 
any one of a spectrophotometer and a densitometer. 

13. A system comprising: 
a print engine; 
a data storage device storing a look-up table representative 

of a print engine tone reproduction curve, said look-up 
table correlating target values for a color to be printed by 
said print engine with digital input values and said print 
engine generating, based on a selected digital input 
value from said look-up table, a test image having said 
color; 

an optical sensor evaluating said test image to determine an 
actual value of said color, and 

a processor determining a difference between said actual 
value of said color and a corresponding target value for 
said color as correlated in said look-up table with said 
Selected digital input value, 

said processor further updating said look-up table so that 
said corresponding target value for said color is corre 
lated in said look-up table with an adjusted input value 
that corrects for said difference, said updating compris 
ing making a series of incremental adjustments to said 
Selected digital input value. 

14. The system of claim 13, said processor further making 
said series of incremental adjustments so as to ensure that any 
corrections to said look-up table required to achieve a desired 
value for said color are gradually and imperceptibly imple 
mented. 

15. The system of claim 13, said processor further making 
said series of incremental adjustments according to a prede 
termined schedule in order to avoid at least one of mid-image 
color corrections, mid-document color corrections, and mid 
print job color corrections. 

16. The system of claim 13, said target values for said color 
comprising target tone values, said digital input values com 
prising halftone dot area coverage amounts and each adjust 
ment in said series comprising a change of no more than a 
predetermined maximum halftone dot area coverage amount. 

17. The system of claim 16, said series comprising a pre 
determined number of incremental adjustments and said pre 
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determined maximum halftone dot area coverage amount 
being a function of said predetermined number of incremen 
tal adjustments. 

18. The system of claim 13, said optical sensor comprising 
one of a spectrophotometer and a densitometer. 

19. A system comprising: 
a print engine; 
a data storage device storing a look-up table representative 

of a print engine tone reproduction curve, said look-up 
table correlating target values for a color to be printed by 
said print engine with digital input values and said print 
engine generating, based on a selected digital input 
value, a test image having said color; 

an optical sensor evaluating said test image to determine an 
actual value of said color, and 

a processor determining, based on said actual value of said 
color, a predicted value for said color of a next test image 
to be printed by said print engine in response to said 
Selected digital input value at a future time, 

said processor further determining a difference between 
said predicted value for said color and a corresponding 
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target value for said color, said corresponding target 
value being correlated in said look-up table with said 
Selected digital input value, and 

said processor further updating said look-up table so that 
said corresponding target value for said color is corre 
lated in said look-up table with an adjusted input value 
that corrects for said difference, said updating compris 
ing making a series of incremental adjustments to said 
Selected digital input value. 

20. The system of claim 19, 
said data storage device further storing historical informa 

tion characterizing time-dependent changes in said tone 
reproduction curve, and 

said processor further determining said predicted value for 
said color based on said historical information. 

21. The system of claim 19, said processor further making 
said series of incremental adjustments so as to ensure that any 
corrections to said look-up table required to achieve a desired 
value for said color are gradually and imperceptibly imple 

20 mented. 


